Introduction
Although energy itself does not ensure human well-being, having access to energy has been identified as essential to fulfilling many social, economic and environment needs of the Sustainable Development Goals, (SDGs) [1] [2] . In developing economies, as standards of living rise with economic development, the energy consumption patterns tends to increase, encouraging the intensification of energy use for industrial and productive activities [3] . Nevertheless, most of the dominating energy consumption and supply patterns are clearly unsustainable when related to growing resource depletion and environmental degradation.
Recent studies such as the Global Energy Assessment (GEA) pathways demonstrate the technical feasibility of achieving sustainability for such objectives as improved energy access, affordable energy services, better air quality and higher energy security simultaneously through integrated policy design [4] .
Achieving sustainability objectives offer multiple benefits beyond environmental and monetary value. Studies have demonstrated the relation between energy and social development showing that energy access allows better conditions for education, increased quality of life, health benefits and higher income opportunities [5] [6] Meeting sustainability conditions during the economic development process implies cost-effective investments, the tightening of climate legislation and the introduction of new energy policies [7] . These should aim wide, targeting from the very basic energy requirements for achieving social equity, to cutting edge challenges of greater efficiency in energy production and rational use of natural energy resourcesby "win-win" solutions [8] .
In this context, energy forecasts have been widely used as a point of departure for the articulation of political goals relating to energy development [9] . The forecast outputs represent key data for investment planning research, climate change and natural resource management [10] . Energy forecasting models for policy formulation use different exogenous variables such as population, income, growth factors and technology to determine energy consumption patterns [11] [12] with a scenario formulation that provides insights into specific policies and measures.
Although energy models do not determine policy or substitute political judgement, they project the long term consequences of policy targets, representing a tool to develop informed choices required to tackle the sustainable development challenges.
Energy and development process in Bolivia
Bolivia is a land-locked country in South America and is classified as a lower middle income economy [13] with a multi-ethnic population of 10.67 million. It has a diverse geography, including Andean mountains, deserts, valleys and tropical forests [14] . The country has considerable wealth in minerals and energy resources and has the 2 nd largest reserves of Natural Gas in South America which are fast becoming a strategic source of its economic prospects [15] .
From an access perspective however, about 700 thousand Bolivian households were still without access to electricity in 2012 [16] and about 750 thousand households still cooked with traditional forms of biomass [17] . Like most of developing countries, access to modern energy services is characterized by in-equitable access between the rural poor and the urban areas.
Since 2006, Bolivia has undergone an institutional change with increased participation of the government in decisions relating to the economy and energy sectors [18] . The Energy Development Plan 2008-2027 [16] outlines the objectives of national energy policies such as energy security, efficiency and sovereignty; it also identifies strategic targets with a special focus on increasing the standard of living of the poor population and diversifying the electricity generation mix through identified renewable technologies.
In addition, the new Bolivian State Constitution approved by referendum in 2009 [18] in the paragraph I of Article 378, defines the Bolivia's natural resources as a strategic industrial strength. For this purpose, in 2015 several energy intensive projects were identified in the investment portfolio, PDES 1 , to be implemented by 2025 [19] . However, Bolivia still lacks of energy efficient standards in products and emissions cap regulations.
Few energy-related forecasts for Bolivia have been developed and most are focused on isolated sectors offering only a partial overview of future energy demand trends. These studies, available in the literature, include such reports as the assessment of future demands for natural gas within committed industrial and electric projects [20] , the emissions inventory for Bolivia [21] , as well as city-level studies such emissions inventory for the city of Cochabamba [22] or ministerial reports such as hydrocarbons [23] and electricity demand forecasts [24] [25] and energy scenarios 2008-2027 [16] .
The scope of this research is to explore and inform future energy requirements for Bolivia using a pragmatic methodology. The model, developed using LEAP 2 [26] , represents the first National level Energy forecast for Bolivia that combines trends in demography, economy, technology and policy with a structure combining bottom-up, top-down and econometric methodologies. The results offer insights to explore and compare, in a scenario space future energy alternatives while, representing key data looking at forthcoming policy and investments in the supply side.
The structure of the paper proceeds as follows: Section 2 introduces some key considerations relating the modelling approach. Section 3 describes the model structure, scenarios and key assumptions with which the projections were prepared. Different paragraphs are used to describe the methodology used to model each sector and subsector. Section 4 presents the model results in 3 sub-sections: the first shows the Reference energy scenario results, the second presents a parameter sensitivity analysis of the energy model under three macroeconomic scenarios and the third sub-section compares the results of the Reference energy scenario with three alternative energy scenarios to investigate the impact of various policies and measures. Section 6 discusses the strengths and limitations of the methods used. Finally, Section 7 concludes with the key findings of the model and scenarios.
Modelling Approach

Energy models and Indicators
Energy systems models are developed to support sustainable planning (policy and strategy) in a large selection of countries [9] with a planning horizon ranging from short-term -1 day to 1 year-to long term -5 years ahead. They have been defined as a comprehensive methodology for the analysis of complex problems such as the interaction between energy and economy, fuel or technology substitution using formal mathematical techniques [27] . To develop demand projections, energy models determine energy consumption patterns affected by several factors such as economics, industrial development, consumer behaviour and climate.
Diverse and complex energy demand forecasting methodologies have been developed to study and project the energy demand patterns. The literature is rich in forecasting methods, Sughanti et al, classified them in 11 broad 1 Economic and Social Development Plan (PDES in Spanish acronym) 2 Long-range Energy Alternative Planning software categories with 364 applied energy examples, ranging from classic model formulations including accounting, top-down, bottom-up (end-use) and econometric approaches, to soft computing techniques widely used in energy demand forecasting such as artificial/expert systems, genetic algorithms, particle swarm optimization and other hybrid models [28] .
Notwithstanding the diversity of energy models available, the energy consumption in developing economies is growing fast and randomly. The later is due to the relative inequality in growth that affects different sectors of the economy. Thus, a single mathematical method cannot be generalised to perform well enough when modelling the entire energy demand.
To forecast the long-term energy requirements, specific bottom-up and top-down methodologies were applied to each sector. These methods are not mutually exclusive and can also be combined in a hybrid model [29] in which both methodologies interact with each other [30] [31].
Bottom-up models are data intensive, total energy consumption is obtained through aggregating various energyusing technologies defined by technical characteristics such as efficiency and life cycle [32] , while top-down models analyse the energy systems from a higher/aggregated level with its interaction with the economy. Technologies are aggregates and modelled implicitly through average energy intensities. Both methodologies rely on exogenous parameters such as GDP, population, volume of production to generate a forecast. Since a lack of detail in energy end-use data restricts the use of a complete bottom-up demand model, for certain sectors of the economy, this work combines such approaches with top-down analyses which are soft linked with a Computable General Equilibrium (CGE) model. Energy indicators, commonly named energy intensities when related to a monetary base, provide a deep understanding of linkages within the energy-economy nexus [33] . Monitoring energy indicators therefore helps to assess current and future effects of energy use and to measure progress on sustainable development goals [34] . They also help to lead policymakers towards taking better decisions and more effective actions by presenting simplified, clear and aggregated information.
Bolivia is in the early stages of monitoring energy indicators. Since 2011 it has been participating along with 19 other Latin American countries in the BIEE 3 program from ECLAC 4 , consolidating a sectorial monetarybased energy indicator database from 2000-2012. Notwithstanding this database, our top-down modelling projections were based on historical energy intensities for an extended variety of units of consumption including: monetary (GVA), volume of production (Tons), area (hectare) and others (passenger-km, tonne-km).
LEAP
The Long range Energy Alternatives Planning System (LEAP), is a powerful, versatile software for energy planning and climate change mitigation studies developed by the Stockholm Environment Institute (SEI). It has been adopted by organizations in nearly 190 countries worldwide and is used to model energy consumption, production and resource management in over 200 journal publications [26] . Its versatility for modelling different energy systems supports, in a single model, a wide range of modelling methodologies for both the demand and the supply side, including bottom-up [35] , top-down macroeconomic modelling and also hybrid model possibilities [29] . In addition, the modelling framework can be scaled from regional [36] , national [37] , [38] , and city perspectives [39] , [40] , and can address electricity demand-supply analyses [41] , [42] , [43] , costbenefit studies [44] , emission mitigation assessments [45] , [46] and other specific sectorial analyses including e.g. transport [47] , [48] or landfill gas [49] in developed and developing countries.
The potential role of LEAP in Bolivia as a tool for energy planning has been acknowledged by the Ministry of Hydrocarbons and Energy (MHE) since 2012 when a macro-economic model was developed to explore energy scenarios [16] [50]. The long term vision of the MHE is to use LEAP as a planning tool and to improve and update in a yearly basis the current macro-economic energy model with further end-use information.to be able to evaluate the progress on specific measures such technological replacement or fuel substitution. 3 Base for Energy Efficiency Indicators 4 Economic Commission for Latin America and the Caribbean
Methodology
Model Structure
The energy demand model uses a tree structure to delineate different consumers and their sub-sectors. While each sector and sub-sector are modelled independently and do not interact, a combination of methodologies was used to model each branch depending on data availability ( Table 1 ). The tree structure of the energy demand system is described in Fig 1 using a radial 
Key Assumptions
Macro-Economic projections
Projections of Gross Domestic Product, GDP, and Gross Added Value, GVA, were modelled in a Computable General Equilibrium model [51] [19] [52] and used in the calculations described in the next section.. For all energy scenarios, a single macroeconomic scenario which considers historical trends on public investment was used. Two additional macroeconomic scenarios were modelled to project the GDP and GVA under optimistic and pessimistic assumptions. These projections were used for a sensitivity analysis of the energy model in Section 4.
Scenario Assumptions
The [16] . And a combined scenario, COMB, which includes policies and measures from Scenarios 2 and 3 to assess their aggregated effects.
Details of individual policies and measures included in each scenario and within each sector / subsector are shown in Table 2 . [54]
Industrial Cement Electricity savings in machinery for raw material preparation, material transportation and clinker production. 14.9% of savings to 2035.
[50]
Manufacture Electricity savings in appliances trough right maintenance and retrofit of inefficient technology.
[ 
Modelling Sector by Sector
This section describes the energy-use modelling, branch by branch, and the corresponding projections that support it. Each sector models the energy consumption according the National Energy Balance of Bolivia 2000-2014 description, BEN in spanish acronym [58].
Residential
The residential sector represented 18% of the total energy demand in 2012 with an average of 4% annual growth in the last decade. The fuel consumption in 2012 splits between LPG (40%) and firewood (30%), the remaining 30% are made up by electricity and natural gas [58] . Except electricity, all fuels are used for cooking food and, to a lesser extent, for heating water.
The residential sector was modelled using a bottom-up methodology, households were chosen as the unit of consumption. Projections of population, urbanization and family size were used to calculate the number of households. Identified energy uses are shown in Fig 1. Due to remarkable differences in energy consumption per household, the residential sector was sub-divided into urban and rural sub-sectors. In 2012, 66% of the total households were urban and 34% rural. In the same year, electrified urban households accounted for 95% of the total urban households (resp. 58% in rural areas) [59] . It is expected that the country will reach 100% electrification by 2025 in both urban and rural settings [25] .
Lighting
The technology options in electrified households include: HPS, CFL, Halogen and LED lamps. The technology share was assumed from [60] . The energy intensity calculations consider 4 bulbs for urban households and 3 for rural with a daily use of 4.5 and 3 hours respectively. The number of lamps/household is assumed to increase to 6 and 4 by 2035 for urban and rural households respectively. The aggregated electricity consumption for lighting accounts on average for 10% of the residential electricity demand and is thus comparable to data reported by [61] .
Appliances
The lack of appliance ownership data for Bolivia makes end-use disaggregation complex. However a distinction in 2 tiers of consumption was included for both urban and rural households. The "Tarifa Dignidad" is a government subsidy since 2006 which covers 25% of the electricity fare for users with a monthly consumption of less than 70 kWh. In 2012, 38% of urban users and 70% of rural users were registered in this low consumption tier. However, the percentage of users with access to this discounted fare has declined in the last 6 years representing 1.7% and 0.3% fewer beneficiaries in urban and rural areas respectively. This information was used to project linearly the number of users in the low tier of electricity consumption.
Projections of residential electricity demands as a function of GDP to 2022 were used from a study carried out by [24] . The energy use per urban households with the normal electricity fare was calculated for each year using Eq.1:
The energy use per urban households with the special fare was assumed constant and equal to 70 kWh/hhmonth. The calculation of energy intensity for electric appliances was carried out by subtracting the electricity consumed in illumination from the total electricity consumption per household. For rural users, data for electricity consumption from Rural Peru was used from [62] .
Cooking
Though the share of traditional biofuels has declined in the last decade, biomass participation remains strong in the total energy consumption. In 2012, 17% of the total households did not have access to clean cooking facilities [17] . The open fires used are fairly inefficient, consuming around 1.46 tons of wood per household each year and emitting significant amounts of smoke representing a health risk [63] . In parallel 83% of the population relies on gas (LPG and natural gas pipeline) for cooking purposes. According to 2012 data, 97% of urban and 57% of rural households use gas for cooking. For the model, the share of cook stove types was taken from [17] and targets for natural gas penetration by pipeline and LPG compression stations was assumed from [23] . Annual energy consumption per household for each technology type were taken from [64] and [63] .
Transport
The transport sector was modelled using four subsectors: road, rail, flights and navigation. Different approaches were used to project their energy requirements depending on the data available.
Road Transport
Currently the largest and fastest growing energy consumer, the transport sector only uses oil derivatives, 73% of which are gasoline and diesel, while the rest is Compressed Natural Gas, CNG[58]. Bolivia is not a selfsufficient producer of diesel and gasoline, and not only import this fuels to supply domestic demand but also subsidise the cost. Even though the fuel switch was a successful strategy to slow down the growing demand of liquid fossil fuels, it is only a partial solution to a major problem composed by the highly inefficient public transport system, the old vehicle fleet and the lack of initiative for an emissions mitigation legislation. Nevertheless, several projects of public transport massification starting in the capital city of La Paz are being carried out and meeting immediate popular acceptance.
To model the road transport, energy requirements it was sub divided into private, public and freight transport (Fig 1) . Nearly 67% of the fleet in circulation, is made up of cars for private transportation, wagons and jeeps (2012). Vehicles for public transport and heavy-duty trucks account for 9% and 24% of the fleet respectively. Each sub-sector was modelled separately using different approaches.
Private Transport
A bottom-up approach was used for modelling the private transport. The energy consumption of the fleet of vehicles is calculated by Eq.2:
Vehicle stock by type and fuel use were taken from the national transport registry for 2012 [65] . The private fleet expansion was calculated each year using a vehicle ownership saturation function described in [66] . In this study a cross-section analysis of 45 developed and developing countries was used to determine an equation which determine the vehicle per capita as a function of per capita income. The vehicle per capita increases at the lowest income level and slows down as saturation is approached. Eq. 3 and Eq.4 describe the vehicle Stocks calculations:
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Where Vt denote the vehicle ownership (in vehicles per 1000 person), t is the calendar year, GDP is the GDP per capita in and P is the population. Table 3 summarises the country-group parameters used for the projection of private vehicles fleet (v) and motorcycles (m). Finally, the vehicle mileage is the annual distance travelled by each vehicle and the fuel economy is the average energy consumed per distance travelled. A constant mileage of 6000 km/yy was used for motorcycles, 12000 km/yy for Light vehicles and 13000 km/yy for Wagon and Jeeps. Vehicle fuel economy is detailed in Annex.
Public Transport
This category includes the transport modalities: taxi, minibus, microbus, omnibus and coach buses. Alternative transport such as cableway and train were added separately in the High GDP scenario. The passenger-km (pkm), was used as unit of energy consumption. The energy requirements were calculated by multiplying the pkm by the energy intensity.
Energy intensities were calculated in energy per pkm basis using specific engine requirements by type of engine (energy per kilometre), average annual distance travelled and average number of passenger per travel [67] [68] (See Annex). The annual pkm transport demand was calculated for the base year adding the pkm of all transport modalities. For each transport modality the pkm is calculated by multiplying the stock [65] , the average number of passengers in each travel and average annual distance travelled [69] . Projections for pkm were calculated using a simple autoregressive model. An elasticity was calculated using 15 years of data and represents the percentage variation in the pkm for each 1% increase in the GDP (Eq. 5).
Where: pkm is the passenger-km, GGDP is the growth rate of Gross Domestic Product. The elasticity, e, was adjusted using the Least Squared regression Method using the software E-Views 7 [70] 
Freight Transport
The registered road-freight vehicles in Bolivia has grown by 450% in the last 20 years [65] . Based on the average distance travelled, it was sub divided into urban freight and inter-urban freight.
The energy consumption was calculated multiplying the annual freight tonne-km transport (tkm) by the energy consumed per tkm for each freight transport modality. Similarly to public transport, the annual tkm was calculated for all technologies by multiplying the stock, load capacity and average distance travelled per year. Energy intensities are summarised in Table A .1 in Annex.
The growth of freight transport is mainly linked to the rise of agricultural, mining and manufacture activities. Therefore, the annual volume of freight activity was projected to 2035 using Eq.6 adapted from [71] . The elasticity was calculated using 20 years of historical data and represent the percentage variation in the number of volume of goods transported for each 1% increase in the GVA of manufacture, minerals and agricultural [72] .
Where: Tonne represents the annual volume of goods transported, Gag is the aggregated growth of manufacture, minerals and agricultural GVA between the years t and t-1, e, is a constant adjusted using the Least Squares Method (e=0.0159, P-value=0.0289<0.1, R 2 =0.9228=~1, DW=1.4903=~2, Std. Error=0.0065=~0).
To calculate the freight transport activity, tkm, an average annual distance travelled of 70, 400 and 500 km for the transport modalities pickup-truck, truck and tract-truck were assumed. Energy intensities were calculated using fuel economy data from [73] and are showed in Appendix.
Rail Transport
Two railways were built in the decade of 80 th to impulse minerals and agricultural trade to the western and the eastern markets respectively, both are not interconnected.
The pkm was selected as unit of energy consumption. Because both railways transport different type of goods, andean (A) railways transport mainly minerals and oriental (O) transport agricultural products). An elasticity with GVA was calculated based in 17 years of data [74] [75]. This elasticity represents the percentage variation in tkm for each 1% increase in the GVA (Eq. 7 and 8). It was assumed that the railways will adapt for future transport requirements.
Were tkm represents the annual tonne-km, GGVA represents the annual growth of the GVA related to activity between t and t-1, (eA=0.36108, P-value=0.0212<0.1, R 2 =0.8527=~1, DW=2.0184=~2, Std. Error=0.0058=~0) and (eO=0.39041, P-value=0.09210<0.1, R 2 =0.3904=~1, DW=2.0536=~2, Std. Error=0.2304=~0) are the adjusted elasticities. Energy intensities are detailed in Annex.
Aviation
Database records of passengers, freight, fuel consumption and route mileage records from 2001 to 2012 were used to model the energy requirements. Using pkm a distinction was made between international and local flights. A constant average growth of 5.76% based on data from 2000-2011 was used to project international flights pkm.
According to a study of the aviation sector over 213 countries [76] , the increase of national income is directly related to the growth of the aviation service. Therefore, to project the local aviation pkm an elasticity with GDP was calculated according to Eq.9.
Where: pkm are the annual passenger-km of local flights, t is the calendar year, GDPt is the annual growth of Gross Domestic Product between t and t-1 and e is the elasticity (e=1.315576, P-value=0.0978<0.1, R 2 =0.6708=~1, DW=2.4383=~2, Std. Error=0.712138=~0). Energy intensities are detailed in Annex.
Water transport
Represents a small portion of the transport sector with a participation of 0.04% in the total energy consumption of transport in 2012. It accounts for the fuel consumption of boats. The diesel consumption for water transport declined from 8200 bbls in 2003 to 7000 bbl in 2011 [72] . A constant energy intensity of 10.544 thousandth bep/tonne was assumed and annual growth of 1.5%.
Massive transport
Several projects for massive transport has been planned in the investment portfolio of the Economic and Social Development Plan 2016-2020, PDES [19] . In 2013, the cableway project in La Paz with a capacity of 18 thousand of passengers per hour added an additional electricity demand of 21 GWh. [25] . Only this project has been added to the Reference scenario. Foreseen energy demands for long term projects were included in the High GDP.
Industry
According to the Competitive Industrial Performance (CIP), Bolivia is in the 4th quintile ranking with the least industrialized economies worldwide (92/135 CIP index) [77] . Nevertheless the industrial sector represents the second largest energy consumer in Bolivia after transport and before residential sectors.
A combination of bottom-up and top-down methodologies were used to project the energy consumption in each sub-sector and further disaggregation by end-use was used to insert policy targets. The structure is shown in Fig 1 and scenario assumptions are detailed in Table 2 .
Manufacture
The manufacture captures 82% of the energy consumption of all industrial sub-sectors [78] . This includes all activities related to: production of foods and beverages, textile, leather, metallic, non-metallic products and other manufacture activities.
Historically the manufacture sector had limited level of mechanization and single product dependency. According to 2006 data, microenterprise and family size units employed the 83% of workers but only produced 25% of the total manufacture income [79] . However, according to the macroeconomic projections, the contribution of manufacture to GDP will increase to 2025, this translates into mechanization and gradual increase of average enterprise size.
Monetary energy intensities were used to model each sub-sector using data of energy consumption by enterprise size from [78] . A weighted average between micro-small and medium-large scale manufacture energy intensity was used in the base year. Author's assumptions of manufacture size distribution are detailed in Table 4 and Energy intensities are summarised in Appendix. 
Cement
A bottom-up methodology was used to determine future energy demands of the cement industry. Energy end use per tonne of cement produced was used from [80] . Annual volume of cement production, tonne/yy, was used as unit of consumption and projected as function of construction-GVA growth between t and t-1. Data from 1995-2012 was used to estimate the elasticity [81] described in Eq. 10 (e=0.9991, P-value=0.0001<0.1; R 2 =0.9391=~1; DW=2.4297=~2; Std Error= 0.021866=~0).
Commercial Sector
The energy consumption in the commercial sector grew 10 % between 2000-2012 and is composed by 30% natural gas and 70%LPG in 2012 [58] . A top-down modelling approach was used to project final energy consumption. Assumptions for disaggregation of electric and fuel end-uses was taken from [54] and is shown in Fig 1. Energy intensity calculations are detailed in the Appendix.
Mining and Quarrying
The main products extracted are zinc, lead, tin and cooper ores. Metallurgy activities in Bolivia are scarce however. Around 3.4% of the total metal ore extracted is refined [81] . Energy requirements for metal refining was not considered in this study.
Production volume and energy use information from the mining survey was used to estimate the average energy intensity for the production of zinc, lead, tin and copper (see Appendix). Due the production of minerals is not related with any economic activity but programed expansions, projections of mineral production were based in scheduled mine expansions detailed in [25] .
Agriculture
The main economic activity of rural population, which includes activities related to farming, fishing and hunting. During the period of economic growth 2000-2012 the farming sector grew favoured by the rise of the international price of soy, sunflower and sugar cane [82] . In this period, the cultivated area increased in 40%, the cereal exports in 54% and the energy intensity grew annually by 5.34%. However, to 2012 the energy intensity of agriculture remains lower compared with the LAC average.
The farm size (hectare) was used as a proxy for irrigation and machinery related energy consumption. Secondary information from [83] [84] [58] was used to estimate the end-use energy intensities for irrigation and machinery (See Appendix).
Results
This section discusses the findings for the baseline and the 3 alternative scenarios from 2012 to 2035. Historical data since 2000 has been included to better visualize the evolution of each energy indicator.
Reference Scenario
The business as usual scenario shows an average growth rate of energy and electricity consumption of 3.77% a.a. and 5.23% a.a. respectively. To 2035 the energy and electricity demand grew 134% and 223 % compared to 2012. Notice that demand calculations exclude the energy requirements for electricity generation and exports. Fuel mix participation drops from 43% fossils and 15% biomass in 2012 to 39% and 10% respectively in 2035. Conversely, the share of Gas and Electricity increases from 32% and 10% to 36% and 14% in 2035. with products of higher revenues [85] [3]. On a per unit of GDP basis, aggregated energy intensity follows this inverted curve, increasing to its maximum in 2012 before dropping back to the initial value by 2035. Driving forces for this improved energy intensity include the increased revenues in industry and mining and an expected higher growth rate of the GDP compared to overall energy consumption. Conversely, energy consumption per capita increases along with the steadily shift of the Bolivian society to a more industrialized economy. (Fig 3) . From a final use perspective, energy consumption was grouped into illumination, electrical uses, heat, motive, passenger transportation and freight transportation. Table 5 shows the energy consumption of all the aforementioned energy uses for 2012 and 2035 for the reference scenario. 
Sensitivity Analysis
Long term projections use parameters which are uncertain in future. This might contribute to the uncertainty in the projections results. Given that most of the units of energy consumption in our model use GDP or GVA as parameter, a simple method was used to determine the parameter sensitivity of the energy model for each sector.
The difference in the model output was calculated by varying the input parameter from a pessimistic scenario to an optimistic scenario. Each macroeconomic scenario was modelled using a Computable General Equilibrium model, CGE, which estimates future annual growths of GDP and sectorial GVA. The Reference scenario assumes a regular public investment deduced from time series data. A high GDP scenario models the maximum public investments in selected productive projects with specific energy requirements; such investments are envisioned to generate positive shocks in the economy (high GDP growth). A summary of the productive projects included in the High GDP scenario are described in Table 6 , both planned energy demands and investments were added in the energy and CGE models. Finally, a low GDP scenario was modelled assuming a lower public investment compared to the reference scenario. Due the energy model links all its units of consumption with the macroeconomic scenario, it is expected that the projected energy consumption grows accordingly to the economic growth scenario. However, the parameter sensitivity varies between sector and sector. In this sense, a sensitivity index, SI, was calculated each year to provide an indication of parameter sensitivity to all sectors: SI= (DhighDlow)/Dref. The average SI for the modelled period from 2012-2035 are summarized for each sector in Table 7 . A SI index of 1 indicates a high parameter sensitivity of the energy model to changes in the economic parameters. The sensitivity analysis shows the SI is higher for the sectors which foresee large energy intensive investments in the High GDP scenario such as Industry, Mining and Transport. Figure 4 compares in a higher level the aggregated energy intensity for all GDP scenarios. The analysis shows that important investments not only have an impact in the economy but in the energy intensity of the system, while small changes do not. A gradual reduction of the energy intensity means higher revenues for each economic activity, which is consistent with the transformation of Bolivia towards a more industrialized economy. 
Alternative Scenarios
This section analyses the effect of different policies and measures in three energy scenarios. In the primary axis, Greenhouse gas emissions, GHG, were modelled for each fuel using average values from the IPCC database.
Emissions were related to a specific technology or energy use, including carbon dioxide, methane and nitrous oxide [26] . Units of metric tonnes of CO2 equivalent were used to measure and compare the GHG emissions between scenarios. Aggregated savings in energy, electricity and emissions are summarized in Table 8 . A decomposition of energy demand by end use group is presented in Table 9 for the base year and for the REF scenario 
Discussion
The complexity of energy demand patterns is linked to the economic development and energy intensification which are not growing at the same speed between the economy sectors. This study models these sources of randomness in a decentralized energy model structure which captures the dynamics of each sector separately. Furthermore, external variables beyond the vegetative growth such as energy access and fuel mix change targets are included. Such external variables depend of political or institutional decision. In addition inter-sectorial analysis such as energy savings or fuel substitution require model framework with end-use detail which has been inserted according to the data available. Whereas all sectors were modelled using different approaches and assumptions, those differences might lead to insert different levels of uncertainty between sectorial projections.
The highlights of this methodology are the simplified and comprehensive tree structure developed within LEAP which facilitates the understanding and analysis of the energy system with a scenario space which allows to policymakers to explore alternative futures. The model proposed it is easy to update year by year and to be improved through new data of technology ownership. Since the energy model is not dependent of data availability, top-down modelling has been applied within specific units of consumption and cross-country information has been used to fill data requirements.
However, the energy intensities used in this study do not have a behavioural component and there is no certainty that values derived from historical data will remain valid to the long-term future. Similarly, targets for fuel and technology switch are assumed to be absolute and do not reflect the consumer "option value". The complexities 
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of consumer option to predict the adoption of specific technologies requires a complete study of consumer and firm choices, to determine the portion of consumers which find a technology option cost-effective and a perfect substitute for one another [86] .
Monitoring monetary-based energy intensities is important to measure progress in sustainability trends. A reduction of the energy intensity means improvements in the productive use of energy, by reducing the amount of energy consumed without affecting the economic activity and without decelerating the socio-economic growth. Moreover, energy savings reduce infrastructure investment, imported fuels and GHG emissions. Energy intensities follow different projected patterns between sector and sector, for the period 2012-2035, Transport and Mining have a decreasing pattern. Conversely, the sectors with upward energy intensity are residential, commercial, industry and agriculture.
Alternative Scenarios
Incursions in energy savings and efficiency has been supported by the government since 2008 through the promulgation of the Supreme Decree Nº 29466 in which the Article 1 approves the "National Program of Energy Efficiency" which supports the implementation of actions, policies and projects that seek the rational, efficient and effective use of energy. However, Bolivia stills in the first stages of measure and monitoring energy efficiency indicators and there is not a current energy efficiency policy in place. In July of 2014 the Ministry of Energy and Hydrocarbons presented the "Plan for Energy Efficiency" [50] in which a national diagnosis was settle to define energy efficiency indicators and potential savings by sector. Nevertheless, most of the energy saving targets represent an aggregated potential with no technological detail or political instruments. In this regard, the energy model developed in this study aims to bring light to measure quantitatively the effect of structural drivers such as GDP growth and policy instruments such as energy saving or fuel substitution programs in the overall energy demand in Bolivia.
To remark, energy savings estimated in the ES scenario do not target the complete potential of energy efficiency measures, many other measures are applicable to technology-specific retrofit. For example the World Energy Investment Outlook 2014 [55] lists potential savings by sector through technological retrofit and efficient technology replacement. The dominant measures referred in this work consist in specific technology retrofit targets and energy savings through correct maintenance, good-practices and technology enhancement. Further technology performance instruments could be explored within a cost-benefit analysis to formulate politicallyacceptable energy policy
The sensitivity analysis, explores the energy demand boundaries under three macroeconomic scenarios. Due the inter-linkages between economy and energy, a CGE model was aligned. The analysis shows that the energy model is sensitive to variations in the GDP and GVA and the energy demand grows accordingly to the economic growth, however, the energy intensity remains almost constant under small variations in the economy scenario. The model shows that the foreseen public investments [19] will not only generate a positive impact in the economy but in the productive use of energy.
Comparison of domestic Electricity demand projections with official projections
Projections of electricity consumption were compared to official projections from the CNDC 6 in the time horizon 2012-2025 [28] . In this report, an econometric method was used to estimate electricity demand using a Vector Error Correction model using GDP as endogenous variable. The projection excludes the off-grid demands. For instance, to compare with our model projections we excluded the rural residential and agricultural electricity demands. Differences between both projections are shown in Table 9 . 
Conclusions
This paper compiles in a comprehensive model structure information from several databases, diverse national, sectorial and firm survey efforts, ministerial reports for industrial, refinery, electric and economy and variety of studies focalised on single sectors and sub-sectors represented in one energy model. The main objective of this research is to generate a model which represent the energy demand in Bolivia and to develop a tool for energy planning. Additionally, our research illustrates the advantages of end-use disaggregation to incorporate end-use policy and to isolate the main factors which affect the energy intensity of the entire system.
At the governance level, multi-disciplinary planning integrates economy, social, climate and energy in line with sustainable development. In this sense, a holistic and simplified methodology approach is recommended to fulfil the needs of policy making, providing understanding of the dynamics of energy, technology, economy and the effects of policy in the multiple sectors of the energy system.
Our energy model is a pragmatic and simple methodology that might help to project fuel requirements and study the dynamics in energy consumption trough the monitor of energy intensities. In addition, the scenario formulation shifts focus from energy projections to policy development. Three scenarios were evaluated in this study, but a wider range of scenarios are possible.
Furthermore, the model is easy to update in terms of economic growth and units of consumption and easy to improve using data of technology ownership. A complete bottom up energy model will contribute to further policy design and data of technology ownership and consumer behaviour studies might help to further monitor progress in energy efficiency targets.
Finally, monitoring energy indicators such as overall or sectorial energy intensities might help to follow the progress on future energy savings/measures/targets and will contribute to the continuous learning process of energy policy implementation in developing countries.
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